Measurement of body composition is proving increasingly important in clinical nutrition and research. Skinfold thickness is a simple means of estimating body composition which is widely used in children, but there is little information on its validity. There has been a proliferation of equations for estimation of body composition from skinfolds, but some doubt as to their general applicability. The aim of the present study was to validate five currently used equations for this purpose in a sample of 98 healthy prepubertal children (64 boys, 34 girls), mean (SD) age 9-1 (1-7) years by comparison of estimates from each equation with measurements of fatness derived from hydrodensitometry. Differences between methods were determined by calculation of biases and limits of agreement. Limits of agreement between predicted and measured fatness were wide, particularly in the girls, and some distinct biases were apparent. Choice of prediction equation therefore has a substantial influence on the estimate offatness obtained when using skinfolds in children. The existing published equations are associated with large random errors or significant systematic errors. For the time being skinfolds might best be regarded as indices (rather than measures) of body fatness in individuals, or means of estimating body fatness of groups. Estimating the total body fatness of individual prepubertal children using skinfolds, on the basis of this evidence, is not advisable at present. (Arch Dis Child 1995; 73: 305-310) 
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A recent editorial in this journal noted the 'inability of classical measures of growth and development to meet the requirements of modern clinical medicine and research', and suggested that measurement of body composition could meet these requirements.1 There has been a resurgence of interest in body composition in childhood as a result of increased awareness of its importance' 2 no empirical demonstrations of its validity in prepubertal children, and concerns over age related variability in the composition of FFM,2 and variability in skinfold compressibility,10 both of which have a bearing on the validity of the technique. Furthermore, many equations exist for the estimation of body fatness from skinfold thickness in children. There is evidence that some skinfold equations are highly population specific11 12 but also reports that some equations are considerably less so13 and so are generally applicable. In summary, the user of skinfold thickness in childhood is therefore faced with a choice of equations for estimating fatness, but these may not be applicable to the population under study. More fundamentally, the technique itself is of unknown validity in the prepubertal child. The aims of the present study were to cross validate the more commonly used equations for prediction of body fatness from skinfold thickness in healthy prepubertal children, and to describe biases and errors in estimation by comparison with fatness measured using hydrodensitometry, the reference method. The precision of the skinfold technique was also assessed.
Subjects and methods

SUBJECTS
The study sample consisted of 98 healthy, self selected children; there were 64 boys (mean (SD) age (1-7) years) and 34 girls (1-7) years). Subjects were recruited from local schools and informed consent was obtained from parents. Ethical approval was obtained from the Yorkhill Hospitals ethics committee. Physical characteristics of subjects are described in table 1 (1) Equations ofDurnin and Rahaman '6 Predicted density (kg/i):
Boys= 1 1533-0 0643X (log sum of 4 skinfolds) Girls= 1-1369-0-0598x (log sum of 4 skinfolds)
These equations were derived from empirical relationships between skinfold thickness and body density in adolescents (48 boys age range 12-7-15-7 years; 38 girls age range 13-2-16-4 years). Their validity in younger children was unknown, and as the methodology used was identical to that in the present study, a test of cross validation was justified.
(2) Equations of Slaughter et al'7
BF% for children with triceps and subscapular skinfolds <35 mm: These equations are based on an empirically derived multicomponent method utilising measurement of body density, total body water, and bone mineral content of radius and ulna. The sample used to derive these particular equations consisted of 50 boys (mean age 9-8 years) and 16 girls (mean age 10 0 years) from the USA. The cross validity of the Slaughter et al equations has been reported to be high,'3 and these are effectively the 'standard' equations used in North America. These equations were derived from empirical relations between total body water and body density (predicted from equations for adolescents'6), in a sample\of 13 obese children and 10 with short stature, age range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] years.
The equations are widely used in the UK. These equations are based on empirically derived. relationships between skinfolds and density in Dutch children (114 boys mean age 1 1 0 years; 98 girls mean age 10 5 years). The equations are now widely used, but their cross validity has not been reported. 
Results
MEASUREMENT RELIABILITY
For the 17 children included in the assessment of reliability, the mean (SD) of the sum of two skinfolds (triceps plus subscapular) was 1 3-8 (3 2) mm, and mean of the sum of four skinfolds was 25-0 (6.2) mm.
The mean (SD) difference between measurements 1 and 2 for two skinfolds was 05 (08) mm (range -0-8 to 1-8 mm), with 95% confidence interval (CI) for the difference -0 2 to 0-8 mm. For four skinfolds mean (SD) difference between measurements was 0-8 (1-4) mm (range -2-6 to 2-7 mm), with 95% CI for the difference -0 1 to 1-2 mm. The distribution of differences was normal.
The value mean ± (2SD) for differences were used to propagate errors in estimated BF% for two and four skinfolds. For two skinfolds this represented maximum differences of 1 8 BF%. For four skinfolds the maximum difference in BF% estimates was 1-5 BF%. These differences were similar to those reported for adults. (1)- (5) refer to equations in subjects and methods.
13-8% (Deurenberg equation) with fatness from densitometry 11 9%.
The relationships with age and body fatness were tested using correlation of the bias observed with fatness derived from the mean of two methods.2' In general, there was little evidence of influence of age on the biases observed, but fatness had a significant influence (fig 1) for all the equations tested other than that of Brook The reasons for the poor validity (and lack of general applicability) of the equations tested must lie in methodological or biological differences between studies. The most obvious biological difference between the sample recruited and those recruited in the other studies is age: the equations of Durnin and Rahaman'6 were based on adolescents and so the evidence of systematic errors in prediction (table 2) are perhaps not surprising. The samples used to derive the Deurenberg et al,20
Slaughter et al,17 and Johnston et al 18 predictive equations included some children as young as 7 years, but the age distribution of the present sample was generally younger than in that of these published studies. Since age or maturational state has been identified as an important predictive variable17 19 24 this may account for some of the differences observed.
Differences in body fatness between the present sample and those used to derive the various equations may also have contributed to the lack of validity, particularly in view of the evidence that bias was related to the body fatness of the child (figs 1 and 2). This finding has relevance for those wishing to choose equations for particular groups: users of skinfolds should be aware that magnitude and direction or error for some prediction equations will depend on the body fatness of the children being studied. It may be significant that the prepubertal boys recruited by Deurenberg et a120 were fatter than those in the present study, and the boys (mean 23-5% fat) and girls (mean 27-5% fat) recruited by Slaughter et al 17 were considerably fatter than those recruited to the present study.
There were methodological differences between the present study and those used to derive the predictive equations tested. In the present study, and most others, skinfolds were measured on the right hand side, but this was not the case for the equations of Deurenberg et a120 (left hand side). In the present study residual lung volume could not be measured simultaneously with density measurements in situ because most children could not comply with the rebreathing required on surfacing after immersion. This procedure was common to some17 18 but not all'6 20 other studies. The different approaches may have introduced systematic differences between methods.
While considerations of body composition of individual children are often of prime importance this is not always the case. Attention has recently been drawn to the lack of validated methods for quantification of body fatness in children in epidemiology, in order to quantify prevalence of obesity for example.25
In such circumstances, absence of systematic differences (biases) may be the prime concern and the evidence of poor agreement for individuals may be of secondary importance. The present study suggests that, for groups, the equations of Deurenberg et al and Slaughter et al predicted fatness with negligible bias in the girls and the equation of Brook predicted fatness with negligible bias in the boys (table   2) . Measurement of single or multiple skinfolds may also be of value as relative indices of fatness, and may be more appropriately used as indices rather than measures of body fatness of individual children.
In conclusion, the results indicate that prediction of body fatness by measurement of skinfold thickness in prepubertal children is associated with large errors at the individual level. The prediction equation chosen can have a profound effect on the estimate obtained, and care is required in deciding which equation to use. The simplicity of skinfold thickness is attractive and, as the method can be reasonably precise, improvements could be made in the methodology. These are likely to require derivation of predictive relationships on large heterogenous samples of children with external cross validation. Until this has been done, choice ofprediction equation will continue to be the major influence on skinfold estimates of fatness in childhood, and the method would seem unsuitable as a means of accurately estimating body fatness of individual prepubertal children.
The malaria tragedy: a pen torch in the darkness Eight jumbo jets crashed today. There were no survivors. Ninety per cent of the victims were children. The same happened yesterday, and the day before, and the day before that: in fact it has happened and will happen every day this year. That is the news. But it isn't jumbo jets crashing, if it were it would be the single fact foremost in the thoughts of almost every person in the developed world. The killer is malaria: 3000 deaths a day, nine out of every 10 a child. Malaria eradication has not happened, control is the aim, and clinical management the practical reality. A report from Kenya (Kevin Marsh and colleagues, New England Journal of Medicine 1995; 332: 1399-404) shows how children with falciparum malaria can be selected for more concentrated care.
Over a period of 2-5 years 7538 children were admitted to Kilifi District Hospital, 1866 with malaria. Eighteen of the children with malaria were moribund on arrival and died quickly and another four died later of causes other than malaria. The clinical features and outcome of the remaining 1844 children were analysed. Sixty four of the 1844 children (3 5%) died. The important new finding is that respiratory distress is a main indicator of severe malaria and can be used together with impaired consciousness to choose children for more intense care. World Health Organisation (WHO) criteria for severe and complicated malaria consist of 10 major clinical and laboratory criteria, including pulmonary oedema, and five minor, supporting criteria. The work in Kenya showed that the WHO criteria identified 80% of the children who died but a simple clinical assessment based on two criteria, prostration (inability to sit unaided) and respiratory distress (alar flaring, chest recession, use of accessory muscles of respiration, or deep breathing) identified over 90%. Six hundred and ninety eight children satisfied the WHO criteria and the mortality in them was 7-3% compared with 8-9% for the 650 with prostration and/or respiratory distress.
The major cause of respiratory distress in these patients is thought to be metabolic acidosis and the main treatments blood transfusion and rehydration although severe anaemia was not a necessary concomitant of severe respiratory distress. The pathophysiology of respiratory distress in these children remains to be fully elucidated.
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